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CONVERSION FACTORS, VERTICAL DATUM, AND LIST OF ACRONYMS
Temperature: Degrees Celsius (°C) can be converted to degrees Fahrenheit (°F) by using the formula °F = [1.8 (°C)] + 32. Degrees Fahrenheit can be converted to degrees Celsius by using the formula °C = 0.556 (°F − 32).
Sea level:
In this report, "sea level" refers to the National Geodetic Vertical Datum of 1929 (NGVD of 1929, formerly called "Sea-Level Datum of 1929"), which is derived from a general adjustment of the first-order leveling networks of the United States and Canada.
INTRODUCTION
The Truckee River has a long history of providing water for a variety of economic, recreational, and environmental uses. Truckee River water is used for power generation upstream from Reno; municipal and industrial (M&I) supply for the Lake Tahoe Basin, Town of Truckee, and the Reno-Sparks vicinity (hereafter referred to as the Truckee Meadows); irrigation in both the Truckee and Carson River Basins; maintenance of Pyramid Lake levels ( fig. 1 and pl. 1), and for providing flows for spawning of the endangered cui-ui lakesucker and the threatened Lahontan cutthroat trout. The diversity of user interests, each with a demand on the limited water resource, has resulted in long-standing and intense conflicts among various economic, political, ecological, and institutional entities. The diversity in interests also provides a wide range of alternatives for planning, allocating, and managing the water resources.
Title II of Public Law (P.L.) 101-618, the Truckee-Carson-Pyramid Lake Water Rights Settlement Act of 1990 (104 Statute 3289), provides direction, authority, and a mechanism for resolving conflicts over water and water rights in the Truckee and Carson River Basins. One component of P.L. 101-618 provides for the negotiation and development of new operating criteria, known as the Truckee River Operating Agreement (TROA), to balance interstate and interbasin allocation for water rights among the many interests competing for water from the Truckee River. In addition to TROA, the Truckee River Water Quality Settlement Agreement (WQSA), signed in 1996, provides for the acquisition of water rights to resolve waterquality problems during low-flow periods along the Truckee River in Nevada while simultaneously providing additional water for fish and wildlife resources. Efficient execution of many of the planning, management, or environmental assessment requirements of TROA and WQSA will require detailed hydrologic data. Analytical modeling tools constructed and evaluated with this hydrologic data could help assess effects of alternative management and operational scenarios related to Truckee River operations, water-rights transfers, and changes in irrigation practices. 
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INTRODUCTION 3
The Truckee-Carson Program of the USGS was established by the Department of the Interior to support implementation of P.L. 101-618 by (1) compiling records from the multiagency gaging station network into a consistent long-term data base to provide reliable data in support of modeling activities in the Truckee River and Carson River Basins, (2) establishing new streamflow and water-quality gaging stations for more complete hydrologic information and more consistent support of river operations, and (3) developing a modeling system to support efficient water-resources planning, management, and allocation. Modeling activities within the USGS Truckee-Carson Program include the following components:
• Flow-routing models of the Truckee River and Carson River (upstream from Lahontan Reservoir), major tributaries, lakes/reservoirs, and the Truckee Canal (Berris, 1996, and Hess, 1996) .
• Precipitation-runoff models for the headwater source areas of both basins (Jeton, 1999 (Jeton, , 2000 .
• Stream-temperature and total dissolved-solids models of the Truckee River (Taylor, 1998) .
• Operation models which simulate lake/reservoir and river operations, including the Truckee Canal, for both basins (Berris and others, 2001; Hess and Taylor, 1999) .
The USGS compiled existing hydrologic data and augmented the streamflow data network with additional data collection sites to satisfy the operations modeling needs of the Truckee-Carson Program. The USGS Truckee River Basin operations model discussed in Berris and others (2001) includes flow routing and river and reservoir operations. The daily operations model simulates flow and operations for three options. The first option simulates current (1998) operational practices. The second option combines current operations and those proposed in draft TROA 1 and WQSA. A third option simulates WQSA without draft TROA. The operations model was designed to provide simulations which allow comparison of the effects of alternative management practices or allocations on streamflow or lake/reservoir storages in the Truckee River Basin over long periods of time. Because the model was not intended to reproduce historical values, it was not calibrated using statistical comparisons of observed and simulated values.
Time-series data of streamflow, evapotranspiration, precipitation, evaporation, M&I demand, and streamflow and lake/reservoir level forecasts for water years 2 1933-97 are necessary to run the operations model for long-term simulations. The period of data, water years 1933-97, was chosen because it represented the longest period of time for which sufficient observed or synthesized daily hydrologic data were available to satisfy the input requirements of the Truckee River Basin operations model. This period represents a wide range of hydrologic and climatic conditions. Additionally, the streamflow, evapotranspiration, precipitation, and evaporation data can be used to run the Truckee River flow-routing model discussed in Berris (1996) .
Purpose and Scope
The purpose of this report is to describe the 1933-97 hydrologic data (time series from water year 1933 through 1997) assembled for use with the USGS Truckee River operations model or other models. The hydrologic data consists of time series of streamflow, lake/reservoir elevation and storage, precipitation, evaporation, evapotranspiration, M&I demand, and forecasts of streamflow and lake/reservoir levels. Auxiliary hydrologic data not currently used by the model also are described. Most of these auxiliary time series do not include the entire 1933-97 period. Auxiliary data might be useful for such objectives as comparing the effects of alternative management scenarios to historical conditions. The time series of hydrologic data consist of flow data collected or estimated by the USGS, U.S. District Court Water Master (FWM), Sierra Pacific Power Company (SPPC), Bureau of Reclamation (BOR), Truckee-Carson Irrigation District, U.S. Army Corps of Engineers (USCOE), Truckee Meadows Water Reclamation Facility (TMWRF), and California Department of Water Resources (DWR).
1 TROA operations, as described in Berris and others (2001) , reflect operational rules and policies presented in the February 1998 draft TROA evaluated in the Draft Environmental Impact Statement/Environmental Impact Report by the Bureau of Reclamation and others (1998).
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The term "water year" refers to the 12-month period October 1 through September 30. The water year is designated by the calendar year in which it ends. Thus, the year beginning October 1, 1996, and ending September 30, 1997, is called the "1997 water year." Precipitation, evaporation, and temperature data collected or estimated by the National Weather Service (NWS), Natural Resources Conservation Service (NRCS), USGS, or Sierra Hydrotech Engineering Consultants also are compiled. Streamflow and reservoir level/volume forecasts, either from the NRCS or estimated data using modeling techniques, are provided for use with the operations model. Estimates of evapotranspiration losses from the Truckee River by phreatophyte respiration also are included. Data describing M&I demand for Truckee River water were provided by SPPC. Only data in time-series format that are input to the operations model or are auxiliary data are described in this report. Other data that are provided within or simulated by the model code are not described. Thus, for example, return flows from irrigation ditches to the Truckee River are not described in this report because they are simulated by the operations model. For descriptions of these data, see Berris and others (2001) .
The time-series data were collected or estimated for sites and subbasins in the Truckee River Basin from upstream from Lake Tahoe to Pyramid Lake. Some data also are included for the Truckee Canal, a small part of the Carson River in the vicinity of Lahontan Reservoir, and Lahontan Reservoir in the Carson River Basin.
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DESCRIPTION OF DATA REQUIRED FOR RIVER AND RESERVOIR OPERATIONS MODEL
The river and reservoir operations model uses the Hydrological Simulation Program-FORTRAN to simulate daily flow routing and river and reservoir routing operations (Bicknell and others, 1993) . HSPF was chosen because it can (1) simulate continuously over time, including periods of storm runoff and low flows, (2) simulate at a daily time step, (3) simulate the hydraulics of complex natural and man-made drainage networks, (4) produce simulation results for many locations along the river and its tributaries, (5) simulate river and reservoir operations, and (6) compute a detailed water budget that accounts for inflows and diversions as well as different categories 3 of water in the river and reservoirs. HSPF is an internationally used non-proprietary program maintained by the Environmental Protection Agency.
Simulation of Truckee River Basin operations and flow routing requires time series of hydrologic data describing inflows (gains) to and outflows (losses) from the river, reservoir, and lake/reservoir reaches 4 . The time series include inflows from or outflows to sources and locations other than from simulated flows routed from upstream reaches. Thus a time series of inflow to a reach may originate from a tributary or drainage area that contributes flow to a reach or may originate from precipitation falling directly on a reach, but does not include inflow routed from an upstream reach. Table 1 contains a listing of all time series data required to simulate operations and flow routing using the daily operations model. Because of the large num-3 A category of water is any parcel of water that is individually accounted for in an observed or simulated water budget. A single river, reservoir, lake, or diversion may contain several categories. Water within a category may have specific ownership or have a designated use. 4 The term, "reach" refers to a reservoir or section of river having uniform hydraulic properties used for simulation of movement of water within a hydrologic network. The reaches defined for the USGS Truckee River Basin operations model are described in Berris and others (2001) and illustrated on plate 1. ber of time series and many different types of data required by the model, table 1 is organized into five sections: (1) Net Inflow and Tributary Inflow, (2) Climate, (3) Evapotranspiration Losses from Phreatophytes, (4) Forecasts, and (5) M&I Demand. Table 2 lists the sites or basins on plate 1, in downstream order, where required or auxiliary data were collected or estimated using methods described in this report. The reader may note that some of the information in table 1 is repeated in table 2. The purpose of table 1 is to summarize only the data required to run the operations model, while table 2 links the data base to the map on plate 1 and provides additional information on auxiliary stations not required for modeling purposes.
The hydrologic data for water years 1933-97 were either observed or estimated and were consolidated into a single data base. Observed data were measured and obtained from several agencies. "Observed" data refers to data either directly measured at a gage, or data computed directly from one or more measured data attributes at a gage, such as the computation of flow from gage-height measurements. Hydrologic data had to be estimated when observed data were not available to quantify inflows and outflows. The period of data, water years 1933-97, was chosen because a sufficient amount of observed hydrologic data was available for use, both by the operations model and to estimate other required data. This period represents a wide range of hydrologic and climatic conditions. The Truckee River Basin operations model uses the time series data management program ANNIE (Lumb and others, 1990) . ANNIE is an interactive program designed for management of data, which includes file creation, data set management, data analysis, and data display. ANNIE is used for management of the daily time-series data required for simulation of streamflow and reservoir/river operations. Time-series data are stored in a binary data base called a Watershed Data Management (WDM) file. Simulation modules of the USGS Truckee River Basin operations model draw input from and write output to time series files stored in a WDM file. The time series data may be displayed in several formats available as options in ANNIE.
Source code for the simulation program HSPF 12.0 as used for the river and reservoir operations model and ANNIE 2.0 can be run using personal computer (PC) systems or UNIX operating systems and obtained at <http://water.usgs.gov/software>. The source code for HSPF 12.0 contains 1.5 megabytes (PC systems) or 2.0 megabytes (UNIX systems). The source code for ANNIE 2.0 contains 2.2 megabytes (PC systems) or 2.7 megabytes (UNIX systems). The model code for the river and reservoir operations model using HSPF 12.0 (troa.uci, 3.4 megabytes) described in Berris and others, 2001 , and the data files using ANNIE 2.0 (mast.wdm, 59.6 megabytes) described in this report can be obtained by contacting the USGS, Nevada District Public Information Assistant, at (775) 887-7649 or by email request to <usgsinfo_nv@usgs. gov>.
Flow Data
Simulation of Truckee River Basin operations and flow routing requires time series of surface-water data to provide flow to model reservoir and river reaches from areas and tributaries that drain to the reaches (table 1). The time series do not include simulated flows routed from upstream reaches. Most of the gaged and ungaged perennial inflows to the Truckee River, Little Truckee River, reservoirs, and tributaries are upstream from the USGS gaging station, Truckee River at Vista, Nev. In contrast, for the Truckee River downstream from the Vista gaging station and for the Truckee Canal, most of the inflows are ephemeral and, as a result, do not normally supply large volumes of water. Surface-water data are described in the following section as flow data observed at gaging stations and flow data estimated by water-balance computations, precipitation-runoff model (USGS Precipitation-Runoff Modeling System [PRMS], others, 1983, 1996) simulations or by statistical methods. Time series commonly contain both observed and estimated data. Observed data are used when available. To provide continuous data to the operations model from water year 1933 through 1997, estimated data are used to fill in the time series when observed data are not available or at locations where observed data are not available.
Observed Flow
Streamflow data computed from gage-height records collected at gaging stations constitute observed streamflow data. Streamflow data collected at gaging stations were used either as direct model input to reservoir and river reaches or for estimation of streamflow data required for model input. Gaging stations that provided streamflow data to the operations model or for estimation of other data are in table 2 and on plate 1. • Lake Tahoe at Tahoe City, Calif.
(10337000) Gaged outflow:
• Truckee River at Tahoe City, Calif. 185, 188, 189, 194, 195, 198, and 199 185, 188, 189, 194, 195, 198, and 199 185, 188, 189, 194, 195, 198, and 199 85, 188, 189, 194, 195, 198, and 199 . Observed data consists of total streamflow measured at both gages for the period indicated. b Data set 724 combines precipitation data as follows: Estimated Reno WSFO AP precipitation by statistical correlation using regional time series, October 1932 to February 1937; observed Reno WSFO AP precipitation, March 1937 to September 1977 observed Wadsworth 4 N precipitation, October 1977 to September 1997 Groton ditch at Lockwood, Nev., and Murphy Ditch near Vista, Nev., were combined in 1985 and are currently known as Murphy Ditch near Vista, Nev. Observed flow data, used as direct input to reaches, consist of flow records from continuousrecording gaging stations operated by the USGS (table 1) . These data describe only a few inflows to the Truckee River, Little Truckee River, and Lahontan Reservoir. Streamflow data from these stations are used directly as input into the Truckee River, Little Truckee River, or Lahontan Reservoir model reaches. Most inflows had to be estimated because observed flow data were not available for direct input to reaches. The following sections describe methods used to estimate data when observed data are not available at model boundaries for a particular time period or location.
Estimated Flow Using Water Balance
Flow data were estimated when and where observed data were not available to quantify inflows from areas and tributaries that drain to reservoir and river reaches. Water-balance computations were used to estimate data for Lake Tahoe and several designated reaches of the Truckee River upstream from the Vista gaging station (table 1 and pl. 1). Water-balance computations used observed data collected at other sites near the location required for model input.
The flow data estimated by water balance computations are net inflows to the designated reaches because they include volume increases (gains) from streamflow, ground water, and precipitation; and volume decreases (losses) from seepage to ground water, evaporation, and phreatophyte evapotranspiration. Net inflow refers to gains or losses other than gaged inflows or outflows measured at boundaries of the given reach or river segment (more than one reach). Thus, if net inflows determined by water balance are negative, then the given reach or segment is losing rather than gaining water.
Net inflows were determined for Lake Tahoe by water balance computations for the entire period from water year 1933 through 1997 because accurate precipitation gains and evaporation losses are not available for model simulations. Estimating net inflow to Lake Tahoe (reach 100) by water balance involves adding the change in storage of that reach to the gaged outflow from the lake. Change in storage is determined from measured stage records of that reach over a selected time period, such as a day. Wind effects at the single gage monitoring water-surface elevation at Lake Tahoe can result in unrealistically large fluctuations in the change-in-storage value when computed on a strict daily basis. Therefore, a five-day moving average of storage was used to compute the change in storage required by the net inflow computation.
Water-balance computations also were used to estimate net inflows to river segments (consisting of one or more reaches). Estimating net inflow to a given river segment by water balance involves subtracting total gaged inflows to the segment from the total gaged outflow from that segment. Water balance computations were used to determine net inflows for the Truckee River (reaches 110-140) between the gages Truckee River at Tahoe City, Calif., and Truckee River near Truckee, Calif., and Donner Creek between Donner Lake and the Truckee River (reach 149) (pl. 1).
Net inflows to the segment of the Truckee River between the Farad and Vista gaging stations (reaches 250-390) were determined partially by water balance computations. Except for inflows from Dog and Hunter Creeks, net inflows for this segment of the river are from (1) water balance computations of net inflows (1981-92), or (2) regression analysis . The regression equation estimates Truckee Meadows gains and losses for periods other than 1981-92. During the period 1981-92, observed data from many USGS and FWM gaging stations were available for the water balance computations. Inflows to the Truckee River from Dog and Hunter Creeks were available from two other sources: observed flow data and output from PRMS models, to be discussed in a later section. Net inflows between the Farad and Vista gaging stations, excluding inflows from Dog and Hunter Creeks, were designated as the Truckee Meadows Ungaged Gains and Losses (TMUGL).
Estimated Flow Using Precipitation-Runoff Modeling System
Precipitation-runoff simulations were made by A.E. Jeton (1999 and 2000) using the USGS PRMS others, 1983, 1996) to provide required inflows to reaches where observed inflows were not available (pl. 1). PRMS is a physically based watershed model designed for simulating runoff from precipitation, and includes the simulation of alpine-snowmelt runoff typical of the Sierra Nevada headwaters of the Truckee River Basin. The spatial variability of land characteristics that affect runoff within a watershed is accounted for in PRMS by conceptual disaggregation of the modeled area into land parcels known as Hydrologic Response Units (HRUs). PRMS computes a daily water-energy balance for each HRU. The areaweighted sum of daily hydrologic fluxes from all HRUs is the simulated basin streamflow. PRMS simulations were made for 31 subbasins surrounding Lake Tahoe and in the Truckee River Basin downstream from Lake Tahoe. Models were constructed for 16 subbasins that had sufficient observed record to allow calibration. Procedures were then developed for regionalizing model parameters to simulate runoff from the remaining 15 ungaged subbasins. Although simulations for the period 1933-97 were made for the nine gaged and six ungaged basins surrounding Lake Tahoe (table 2 and pl. 1), a water balance method was used to reconstruct a time series of net inflows to Lake Tahoe, in lieu of using these tributary data, due to the uncertainty in estimating lake-surface evaporation and precipitation (table 1). The tributary inflows to Lake Tahoe simulated by PRMS are provided as auxiliary data in the data base as listed in table 2.
The remaining 16 subbasins in the Truckee River Basin were used to provide streamflows for subbasins where no records existed, or to extend daily records in those subbasins where continuous records were not available for the full period 1933-97 (tables 1 and 2). Additionally, the PRMS models were used in conjunction with the Extended Streamflow Prediction (ESP) program (Day, 1985) to produce forecasts needed to either extend official NRCS April-July forecasts or to derive other forecasts required by the operations model (table 1) . ESP is discussed in a later section.
Calibrated PRMS models for the basins used land use and vegetation cover characteristics documented in GIS coverages produced in the 1970's and 1980's. These characteristics were assumed to be reflective of the entire simulation period , which may or may not be a good assumption since urbanization, for example, may have been far less in the early part of the simulation period or slightly more in the 1990's. A second consideration is that observed meteorologic (temperature and precipitation) data were not available at all stations needed to run PRMS for the entire simulation period from 1933 to 1997. For missing periods, historical meteorologic data were synthesized by M.D. Dettinger (U.S. Geological Survey, written commun., 1998) using statistical techniques (tables 1 and 2). Synthesized precipitation data are described in a later section. A third consideration is that PRMS models were calibrated for the water years 1980-97 for subbasins surrounding Lake Tahoe and 1993-97 for most modeled subbasins in the Truckee River Basin downstream from Lake Tahoe (A.E. Jeton, 2000) . Streamflow data simulated by these models used for input to the operations model or as auxiliary data may be outside the calibration period. The accuracy of these simulated streamflow data are uncertain. The daily values of TMUGL, which can contain positive and negative values, are input to the model upstream of inflows from the TMWRF (table 1, pl. 1).
Estimated Ungaged Gains and Losses in
As a substitute for water-balance estimates of TMUGL, a multiple regression equation was developed to provide TMUGL for the 1933-80 and 1993-97 periods. The dependent variable, TMUGL, computed by water balance for the 1981-92 period, is predicted using two independent variables: daily streamflow for a gaged subbasin (Hunter Creek) and an "index of potential runoff." The index of potential runoff was computed by a subroutine from the Deep Percolation Model (Bauer and Vaccaro, 1987) that uses a degree day method (Chow, 1964, p. 21-32) to determine how much precipitation is available for runoff, how much precipitation will accumulate as snow, and how much snow will melt in a given day. Computation of this index required precipitation and temperature data from several sites in or near the Truckee Meadows (table 2) . The Truckee Meadows, except for the Hunter and Dog Creeks subbasins, was divided into areas that represent similar runoff characteristics based on altitude, physiography, and aspect. For each area of similar characteristics, a daily potential runoff index was computed using the precipitation and temperature data. The index was weighted according to each of the measured drainage areas and then summed to derive a single index value representing potential runoff for the entire drainage area between Farad and Vista (excluding the Hunter and Dog Creek Subbasins).
Hunter Creek streamflow and the value of the potential runoff index were then used to formulate a multiple regression model for estimating TMUGL. When estimating daily, as opposed to annual time series, one may find that the relation between independent and dependent variables varies depending on the time of the year. As a result, regression coefficients needed to be seasonally varied to adequately define the relations. One way to account for this variation with few parameters is to use multiple regression with periodic functions (Helsel and Hirsch, 1992, p. 341) . This procedure, called trigonometric regression analysis, uses sine and cosine terms to account for seasonality. The resulting multiple regression equation had a coefficient of determination of 0.78. The coefficient of determination indicates the proportion of the total variation of the dependent variable that is explained by the independent variables. Approximately 78 percent of the variation in TMUGL is accounted for by the independent variables.
Limitations and assumptions apply to the daily estimates computed from this regression method. Runoff contributions from Washoe Lake, near the headwaters of the Steamboat Creek drainage, are incorporated in the dependent variable of the regression model. However, because the regression model does not simulate daily storage operations for Washoe Lake, that part of the regression relations associated with contributions from the lake require further study. The water balance computation of TMUGL for the 12 years of data used to derive the equations involved the addition or subtraction of many different gaging station records and many assumptions concerning irrigation return flow quantities. A certain amount of error is inherent in each of these records or estimates, making the accuracy of the water balance, and ultimately the regression equations, uncertain.
Precipitation Data
Simulation of volume increases within river and reservoir reaches in the operations model that are attributable to incident precipitation require time series of daily precipitation data. Observed precipitation data measured at NWS climate stations are used when available from water year 1933 through 1997, but some data also had to be estimated. The precipitation time series are distributed within the operations model to designated reaches representing Truckee River Basin lakes and reservoirs (reaches 145, 168, 178, 187, 199, 209, and 580) The time periods of estimated precipitation data in addition to the observed data are listed in table 1 for the reaches that require input time series of precipitation data. Precipitation data were estimated by three methods: (1) adjustment of observed precipitation data, (2) statistical correlation (synthesis) using a regional time series, and (3) filling periods of missing data using observed data from a nearby climate station. Observed precipitation data at the Boca climate station were adjusted by a coefficient of 0.67 prior to input to reservoir reaches for Boca and Stampede Reservoirs. This coefficient was determined based on water-budget analyses for these two reservoirs (A.E. Jeton, U.S. Geological Survey, written commun., 1998), and precipitation input to these reaches is considered estimated.
Daily precipitation data was synthesized by statistical correlation to meet the following two objectives: (1) to extend the historical period of record of the climate station to the entire simulation period of water years 1933-97, and (2) to fill in shorter periods of missing data within the historical period of record of the climate station. Daily precipitation records were extended back to 1933 using a regionally representative time series of daily precipitation data synthesized from six climate stations in the region with records back to the 1930's. The regional time series was used to synthesize local time series at the appropriate climate stations listed in table 1 using statistical correlative methods (M.D. Dettinger, U.S. Geological Survey, written commun., 1997; Dettinger and Cayan, 1996) . Although these synthetic historic data are probably close to what the actual historic data values would have been, synthetic methods tend to lose some variance relative to the real world because of long-term fluctuations that are not well represented by the day-to-day correlations.
Gaps in historical precipitation records also need to be estimated for use in the operations model or for use in estimating other data that is required by the operations model. Periods of missing precipitation data within the historical period of record were estimated by substituting observed data from a nearby climate station with similar precipitation characteristics.
Time series of precipitation are not directly input to reaches where net inflows or losses can be estimated by (1) water balance computations, (2) simulations using the USGS PRMS, or (3) the method described to estimate ungaged gains and losses in the Truckee Meadows. This is because precipitation is already included in those estimates (table 1). For reaches of the Truckee Canal and Lahontan Reservoir, gains from precipitation are included in the net losses simulated within the operations model as described by Berris and others (USGS, 2001) (table 1) .
Evaporation Data
Time series of evaporation data are required for simulation of losses from river and reservoir reaches. The evaporation time series were input to the same river and lake/reservoir reaches of the model as the precipitation time series (table 1) . Average monthly evaporation data were estimated by R.L. Hall (Sierra Hydrotech, written commun., 1994) , McGauhey and others (1963, p. 9) ; and S.W. Hostetler (U.S. Geological Survey, oral commun., 1994) . The estimates were based on historical data collected at standard pan sites operated by the NWS and other evaporation stations. These estimates assume no variation exists for a given month from year-to-year. Thus, daily evaporation is assumed to be constant for every day of the month. Twelve values, each representing a particular month, are applied to a designated reach for each year of simulation.
Reaches that did not receive input from precipitation time series also did not receive input from evaporation time series. Losses to reaches from evaporation were either accounted for within the water balance methods or in the simulation methods described that provide net inflow to Lake Tahoe and river reaches upstream from Vista. For the Truckee Canal and Lahontan Reservoir reaches, losses from evaporation are included in the net losses simulated within the operations model as described by Berris and others (2001) .
Evapotranspiration Losses from Phreatophytes
Time series of streamflow losses due to evapotranspiration from phreatophytes were estimated for use by the operations model for the Truckee River downstream from Vista, reaches 400-570 (table 1; pl. 1) using a method described in Berris (1996, p. 21) . A total monthly evapotranspiration rate for each reach was computed by accounting for phreatophyte acreage adjacent to the river channel, annual evapotranspiration rates for typical species, and the monthly distribution of annual evapotranspiration. The monthly distribution of average annual evapotranspiration rates was estimated using guidelines described by Duell (1988) . Time series of evapotranspiration losses are not input to reaches where net inflows are estimated because evapotranspiration losses are already included in those estimates. For reaches 250-390 between Farad and Vista streamflow losses from phreatophyte evapotranspiration were included in the computation of TMUGL. For reaches 100-240 between Lake Tahoe and Farad, streamflow losses from phreatophyte evapotranspiration were included in the water balance computations or simulations of net inflows.
Municipal and Industrial Demand
A time series of M&I surface-water demand for the Truckee Meadows is required for the operations model. This time series contains estimated M&I demand from surface-water sources in the Truckee Meadows on the basis of observed M&I demand data obtained from SPPC for the index period of January 1995 through December 1995 (R. D. Moser, Sierra Pacific Power Company, written commun., 1995). These estimates assume there is no variation of daily M&I demand from year-to-year. For model simulations, a growth coefficient based on the index period can be applied to the time series to simulate the increases or decreases in M&I demand resulting from population growth or decline. Thus, this time series could be an index that can be adjusted by the model user. This time series is used to simulate M&I demand for water from channel reaches of the Truckee River between the Farad and Vista gaging stations in the operations model (table 1) . In addition to the required time series, auxiliary time series data not required by the operations model describe delivery of water to the Truckee Meadows M&I distribution system (table 2).
Forecast Data
Forecasts of runoff volumes for up to 8 months are required by the operations model at many locations and times during a simulation (table 1) . Usually these requirements can be met using published NRCS forecasts. However, NRCS forecasts were not always available for the sites and times where such information was required by the operations model. In such instances, the PRMS models developed by A.E. Jeton (U.S. Geological Survey, written comm., 1998) were used along with the ESP program by the National Weather Service (Day, 1985) to provide the needed forecast information. The following sections describes the forecast data used in the operations model.
Natural Resources Conservation Service Forecasts
Natural Resources Conservation Service forecasts can be used to determine conditions that govern the simulation of various reservoir and river operations. The NRCS provides forecasts of lake levels at Lake Tahoe and flows at the following gaging stations; Little Truckee River above Boca Reservoir, near Truckee, Calif., the Truckee River at Farad, Calif., and the Carson River near Fort Churchill, Nev., (table 1, pl. 1) (Rebecca Wray, written commun., 1995) . NRCS forecasts are developed on the basis of snowpack conditions, precipitation, and antecedent streamflow. Forecasts for flow are for those flows that would occur without regulation from upstream reservoirs.
Precipitation-Runoff Modeling System/ Extended Streamflow Prediction Forecasts
The ESP program is used with models such as PRMS to provide a consistent and objective method to forecast future streamflow using current watershed conditions (snowpack, soil moisture, and other basin conditions). For operational models, forecasts are sometimes needed at interim dates for specified durations within a simulation period and at specific locations that do not have available NRCS forecasts (table  1) . An interim date, in the context of modeling, is defined as any time step within the model simulation that is not the beginning or ending time step. ESP controls execution of multiple PRMS simulations and manages input data to and output data from PRMS. Each year of historical meteorological data (65 years from 1933-97) provides a possible representation of future conditions. For each required forecast, 65 streamflow traces were generated by PRMS using the historic meteorological data. Initial conditions for each simulated trace are set to the basin conditions of the current (interim) time step for which a forecast is required. Each of the 65 traces represents the forecasted runoff resulting from the initial conditions at the current time step and the given year of applied historic meteorological data used in the PRMS simulation. The simulated streamflow traces are analyzed statistically, and probabilistic forecasts are generated. That simulated PRMS runoff corresponding to the user-specified probability is then selected as the forecasted amount. Although ESP allows the user to select any exceedance probability level, the 50th percentile, or median was used to create the PRMS/ESP forecasts provided in this data base. Similar to NRCS forecasts, all PRMS/ESP forecasts are for flows that would occur without regulation from upstream reservoirs.
The same considerations that applied to the PRMS simulations providing streamflow at ungaged sites or for period of no gaging station records applies to these PRMS/ESP forecasts. These considerations include assumptions regarding land use and vegetation characteristics and the meteorological data that was synthesized for the simulations. In addition, it should be understood that by using the median probability trace, one cannot use hydrologic judgment that might be prudent in actual practice. For example, a particular year might already be classified as dry (having had less-than-average precipitation or snowpack). The forecast time series in the data base documented in this report will assume starting with those dry conditions and will apply median meteorological data to those conditions over the succeeding, user-specified number of days. In actual practice, it might be more appropriate to assume that dry conditions would continue, and the manager might select a probability level of 80 percent or 90 percent instead to provide the most realistic forecast for use in planning operations.
Other Data Not Required for River and Reservoir Operations Model
In addition to mandatory data required to simulate operations, time series are provided which contain lake/reservoir volume and water-surface elevation, streamflow, precipitation, and temperature (auxiliary data in table 2). These data might be useful to the modeler for such objectives as comparing the effects of alternative management scenarios to historical conditions. Many of these data sets do not cover the entire period from 1933-97. Only those periods of record that were available from the source agency, the flow-routing study (Berris, 1996) , or those that were estimated or simulated for ancillary purposes are included. This part of the data base includes observed data from sites operated by the USGS, SPPC, the U.S. District Court Water Master, and the USCOE. Some of these data sets contain periods of missing or intermittent data. Some missing periods of record have been simulated using the PRMS model. Also, periods of no record between intermittent data are sometimes interpolated to provide a continuous daily time series.
SUMMARY
Title II of P.L. 101-618, the Truckee-CarsonPyramid Lake Water Rights Settlement Act of 1990, provides direction, authority, and a mechanism for resolving conflicts over water rights in the Truckee and Carson River Basins. P.L. 101-618 provides a foundation for negotiating and developing operating criteria, known as the TROA to balance interstate and interbasin allocation for water rights among the many interests competing for water from the Truckee River. Additionally, the Truckee River WQSA, signed in 1996, provides for acquisition of water rights to resolve water-quality problems during low flow periods along the Truckee River in Nevada while simultaneously providing additional water for fish and wildlife resources. Efficient execution of many of the planning, management, or environmental assessment requirements of TROA and WQSA will require detailed hydrologic and meteorologic data.
To support implementation of P.L. 101-618, the Truckee-Carson Program of the USGS developed models to support efficient water-resources planning, management, and allocation. The USGS Truckee River Basin operations model includes flow-routing and lake/reservoir and river operations for the Truckee River Basin including diversion of Truckee River water to the Truckee Canal for transport to the Carson River Basin. Time series of several types of hydrologic data for water years 1933-97 are necessary to run the operations model for long term simulations.
This report describes the hydrologic data, as time series from water year 1933 to 1997, that can be used to run the USGS Truckee River operations model. Auxiliary data not currently used by the model, are also described. The time series of hydrologic data consist of flow, lake/reservoir elevation and storage, precipitation, evaporation, evapotranspiration, M&I demand, and streamflow and lake/reservoir level forecast data. The time-series data were collected or estimated for sites and locations in the Truckee River Basin from Lake Tahoe to Pyramid Lake. Data also are included for the Truckee Canal, a small part of the Carson River in the vicinity of Lahontan Reservoir, and Lahontan Reservoir in the Carson River Basin.
Simulation of Truckee River Basin operations requires time series of surface-water data to provide flow to reservoir and river reaches for the 1933-97 period. Observed flow data are used when available, but flow data had to be estimated for periods of when observed data were not available at locations required by the operations model. Flow data were estimated using three methods: (1) water-balance computations using observed data collected at other suitable locations near the location required for model input, (2) precipitation-runoff simulations using the USGS PRMS, and (3) trigonometric regression analysis using daily streamflow from a gaged basin and an index of potential runoff to compute ungaged gains and losses in the Truckee Meadows vicinity.
In addition to flow data, daily precipitation data are provided to the model. Observed precipitation data collected at climate stations are used when available, but to provide necessary data to the operations model from 1933-97, data also had to be estimated. Precipitation data were estimated using three methods: (1) applying an adjustment coefficient to observed precipitation data, (2) extending the records to encompass the entire 1933-97 using statistical correlative methods, or (3) filling in periods of missing record with precipitation data from a nearby climate station with similar precipitation characteristics.
Time series of evaporation and evapotranspiration from phreatophytes are required for simulation of losses from river and reservoir reaches. Average monthly evaporation data were estimated based on his-torical data collected at NWS standard pan sites and other evaporation stations. Average monthly evapotranspiration data were estimated for specified reaches by determining phreatophyte acreage, annual evapotranspiration rate for a typical species, and the monthly distribution of annual evapotranspiration. The estimates of average monthly evaporation and evapotranspiration assume there is little variation for a given month from year-to-year.
Other data required by the operations model include M&I demand and forecast data. Data representing Truckee Meadows M&I demand for water from the Truckee River were estimated based on observed data obtained from SPPC for 1995. Forecasts of lake levels at Lake Tahoe and flows at various locations were obtained from the NRCS. The operations model requires forecast data at interim dates and at specific locations that do not have available NRCS forecasts. Forecasts were simulated at these locations using the ESP with PRMS.
In addition to mandatory data required to simulate operations, auxiliary time series are provided which contain lake/reservoir volume or water-surface elevation, streamflow, precipitation, or temperature that may be useful to the modeler for comparative purposes.
